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Pour technical notes concerning the development of a broad-
band omnidirectional ar~tennt, with a3 many frequency inde-
pendent eleotrioal aharaote'Iitle as possible, have been
written by us to-deteo

The first part of this fina'. report gives a review of the oon-
tents of ear .'e' reportu°

Part two is a summary of al.. the usable measures that decrease
the frequency dependence of the rad:f'ition pattern of broad-
band radia-tors- In addition to the already mentionod xadia-
tor shapes with dielectyic, two further technically important
antenna shapee will be decc,. ibed in detail. These are:

1 . a 50 ohm radiator, with g:ood broad-and matching, having
a broad-b.nd diffused radiation pattern whi.ch resembles
that of a short dipole o-er a large frequency range.

2. a 60 ohm radiator th.t h;os a constant horizontal direction
for the main lobe and aLso a gocd broad-bund matching.

Part three describes the *Thoretical ad',ances. The shape of a
broad-band radiator is not eritical in the vicinity of its ver-
tex; in paeti ular, the electxical characteristics are prac-
tically uncharged when a conducting cone, having a small aper-
ture angle ard infinite lenCth ii. set on top of the radiatoz.

Upon taking these facts inb conoideration, we developed a
new coordinate system for the 60 ohm spherical radiator which
has the advantage over the ipreciouely ised system that the
values F and G remain fio;:.te, vevn at the radiatur apex.
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Four techrn/c? notes coucerning the dmelopment of a broad-
band omnid!Iroct~.onal attenn.,, with n.J n:any frequency inde-
pendent elect;rical ch~araotoe:! ,tics as possible, have been
written b Z t-d" O

The first pat of ± fina, report gives a review of the con-

tents of ear .1e:" reports°,

* iPart two ic a summery of all the usable measures that decrease
u the frequency dnendcnce ofr the radatlon pattern of broad-

band radiatoros In addition to the already ineutioned radia-

tor shapes w'ith dielectic, two further technically important

antenna shapes will be deccibed in detail° These are:

Par a 50 ohm radiator, with good broad-band matching, having
a broad-band diffused radiation pattern which resembles

that of a short dipole o':er a large frecquency ra~nge.
2 a 60 ohm radiator that hs a constant horizontal direction

for the main lobe and also a gocd broad-band matching

Part three describes the theoretical advances. The shape of a

broad-band radiator is not critical in the vicinity of its ver-
tex; in particular, the electrical characteristics are prac-

tically unchanged when a conducting cone, having a small aper-

ture angle and infinite length is. set on top of the radiator°

Upon taking these facts into consideration, we developed a

new coordinate system for the 60 ohm spherical radiator which

has the advantage over the preciously used system that the

values F and G remain finite, even at the radiator apex.
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"M ORIr;NAt I)OCLizz~4UAL12y. ga OPSWA 3 peM

to tht3rd~t: aft oaluoiitvid in the firat Tpoxt defini-tely

givess broa~lTh )id maVtr1 nC.. v, 'r~n va-r~i tatlr in the

trarialtian xuon , C7-ori Uhiat of ths Sh~lpe a lraa2y £gve

noticaab).e iii:r~i~.TheicJefov th_: ur of the feeding

zone const:i'iw ion is conf:LI: U."1

The raurncl :1,i~danc 2 i: c of six (I _ -:rcnt i u r shapen
give~ tllf()r ZO-J wr abtlf 'th: lteri,~'i uae

the input * rin: daioc of tho -qrtanna; ei( thco anaoui'Etll-

lyzed feed.-In :,Cie 1nIjhM(I [13 th'e eu:~tore, lo3 alwayc
refexej to!

The matchire, ir,-rrovei, ani ~:i-urd :at .- dparto r3moc, a+) rior'

form itm- s.irn :31'*ape , r-uid ;:i E1r'O1.'i .. IIr (,ri.,hru.ction.

All vi72c afl-(onn~ h Ehtn.J:a shvntri':eiU highi r~3

quen(';9 is wi :dliaeod, Tba ;~--~E~like rV- atcr, Js fP,-tiC 1, O'

pletply inatoc'u'l abve a C.-cfequsncov . >rit

Techrkicvd1OE.'~

The tetuic"0 vpli c uticui w. cnh, brcl1 -- d i~d I;voPJipec

coo .,i 'd 1:-- 07ntin f:, t:' lrA: f'qe-

cy d e -,erid ci ;-w th? vad 2,. ;( c pf..te bu hs:C s uf ':,Oi±ert-

ly ~r;1in 1 l ar7 r';- s::-ig -.. e ir.;m~nitehing

o obtal ned Y1 c e f'o of~'5 ' fi)-"( 2J(i11 1 p n

-71-.1 (14, Loy -W U r ,, K :id mecamvtUC -r E d e-1-v*

-Id W11,1 ( h c'-11 :I: trol tILL:, J': er) tenlcy Lie.,-rder~co"

The vave sepou;.ut ioxr procmr; of w'~oh radi-,!itoro, ar *-icially

the c'irren; ;i:-ciutin t'12 -rPIJtt)T. VdIi 1. r; e

analyz; , In ;~rto

Tte rw3asuriiI jd ia'.-Ion pv~sr 'or I'our dif-vc -. t a, ator

shap63 fol.! .r. 'ae r c? In !r!I. m-11. i 'lcfn y d :e

of the Aacp -i -ir -wic, the brc-,_i l:n ip 'hiu<-o ;hr-

acte]i 1at .in 'I, i-~~~I~:ti ni t;-~ 2' iouc'2y

calottlated r -i t I 3 t r 'i i,
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The nvet ~ cf he the eane~forfreueny dpeneng

Then QKhe atO of~ the o~ther eau fo frequenc darepenenc

gave int' ' Inn (' rvlt. Int wase& fou and at hetman ater

of frequenc a tean~ on ducteraovd nuy01 ntnan dilcti igs

wa.3rs Q uirted v~cu t uiong one Th diecio ofi Wc~h1 ~h Te

naint W 1c 3nnn rosrn cve AL frqec ranga of I. thz th15,11

y ted th We to eq ar aml.haeWena ntli 1nn'

Tahia cTte oercl.hna:rs >o C

Our ~ ~ ~ invstjrnlof he inIefnrtJ and~I1 rditlo-n pattern

"o, I ti n jolmd~nnce ii. the Infput line..

toodln n10 V a Wro' tion A -m thei ontor conductor of t ho

ln i 'inr V! f no -r -r w ,

ir2;bew: ouse~d Cresot -i Quendernce of the u Ja(itutic

.w in nT Arov i'.and r.n 1d 1r ecton t Rlud atars

A * 1 rb~~icfnnennsfrAe rqea nnds have

Kn'onotx ated' Ac rat UM the r~.dlIat a n pattern' f~ reque..incy

dep"rdou- A~' xer 1AYn g Ni' ' i tYha' it has been poes 1 b I

t-* ntrupi a~ brcW kwv- ait, whosa 3nput impedanop rre

--05 - a M OY 740 in W% tin Qve n W e frqua ro

ra-.Pin iu!1 t arte 7-e. 4ny dyend iw n thin
* rp.rru~ Ann~~ rr~- 1 1 Thi~jro 1ho ite' Lnal rjppli
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cation of r3uQh an(A:3 v ccv3 tlirly pr esents a problem.n Thuso,
the senrch fa ~t mthee-W daervase the frequerncy depeiv.

deflee of a byroad-bhiA rad .itor in qavoldable.

Thu theory .ji the. N':ide-byv v' ad tlN p, 3, 5' shows that a

M'd4AWc iza toFW spce .ra'no Wf fi I rent mnodes and these
apace xiaiui ra :ino vlneq 0 .he rud:tion pattern in respect

to .fecqueney 6iepcidnvt p1 aue ahii ;u, The Ideal w~ide-.band radiator
would be :A.o one *.'2 4cih .me. ilta only' wre mode type at all
±freqiue nci Ian de refoee always3 alovw the rad :1~ti4on pattern

of. thir oc 2he 1;aevxy AdLUM i thnt the excitation of' a

mnode~ type in dependent upon Mhe InhomcL~eneoun characterietics

of the vie fnJt tofc the .ic ;or F Tow wnlomnority usually

coo' n Aunc tiwuc 4 ~ iuxv 'a jrfe radiaotor. it in very

'I Friel q nqr1 0t ujyY P:1I a;ou lau thern a radiuotry nhape

V ~ ~ ~ V3 'n C 0t V~3i n ;e 1 rVq on nry

rijto lice "a Lnr. f'z3'itij':s3J Nurnnolu fNeh9 patterns, ='

inn i''icn1: r e ult! '"ii ra . a. ,our arce that the existance

& rne -n W -. Wo iN 3u~na [H n Aoeslite Luwaver , it

1"t V7~ i,)rj P-MaI 4 a Ure not iocabl aff'eated

7C U . n l I Y a ,i UP '0 i u tj in C (2't"W O tu d9

t a l . ia W' 1>d in the :1 Ire". voi ty

ni Ni xq rc.-UMULn~ f& n Phe USe '

=F Ofr wtf~c Kre u xt r'' Kly fi_'' iut to analyze and have

r al I.' co nilyn 01.'' e etiA :1 ThoreCfore. general and

reliA able Wp~o C3mItl in( 1 thin revr ect , Is not avai lable. H 1IOeaT

iz doen noL anem te Wa normz) toyim1 piniuible that such an an-~

tanna In a cjncuinl 'Ito' ANi material could be designed and
have the c 'hpO ill ty of r rerating -ne f'requency independent

mode type. Lwcver the p cticnl realization would probably

result in failure sine Se dielectric would have to extend

out to Infinity,

nc canr U 1. 21 infinunc n radl"U.4 n pattern rhori 2 r ably
tj[1I"Ad.: Of I uncha wV1- 21 V alii ;'w1th fini te Ai~menal~ona and

tau ia. : VAItt 3:pall.an:: Aw Lavu prcical O and Watr-.

coL i'p ALCA E> I -',i -1, 5t U: p003 that a COUVtro f the
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radiation Diattern is possible by means of dielectric rings

and in this3 mnnner an, aitnoet frequency independent main lobe

direction and very small ,aide lobe maximumsi are obtained

Also,, the only-P frequency dependence in this case, io the decreae
in the 50 dovin bundwidth of the main lobe as the fiequency

increases. This would be a radiator having very goud horizontal

directivitrt, Also i~t 1.3 yessible to finud a diagramn vhich is

very Eimilax, over & 1axec frequericy :ranLce, -to thatt of a

ahort dipoic, Tiin i;ouTLd li- a xritsultable fox unifoxm

transmissiOnI of WaVe.0 111C'ui, a laXr :Ladlial SeCtoT Ond is alDo
suitable fov veceptlon of vavma prge ,n 'diailly through

this area. In the fcllovJi:r';j thoi haolc rtileu nho-wii< the in-

fluence on thc rad-Uttono 'utterni by ineano of dielectric, as

rolas the mof.t J_.m,-Crtart toohnixal ohapes, will be treated,.

1. TheRHadiatlion Pat lexnL of "ioeBroad.-band L'adiators

Talia~torn -w-hich are enerCi;.-od out of the ground ploime by means

of a coaxial, line, ar, ahov~n in Fg'e ,will. ha tirated here.

Their shape beginu t the Icn-oewith a cona, whorie

characteriotic impowlanse in rouocct bo thn, gr'oind P:.anEMO is

the same aa that of tha c .qxia*1 Input line, TJhen thcn form

transfers ovex to -a final iounded shape.. In the fol-loviine,

a simple method vihi-' Is .- itsible ror vppxoximnt.-, ocaLc:U).atiof

of the radiat!.on paite:.ni rill be explain"d, This ap'-ronch 1.8

suffirlent to clarL>: -te oxintance ofrdaLznt fio!Th,' and is an

aid In developing 3i itable meousuv ea for decreiasing lt frecquencep

dependence of thie 'ri;cnpattern.

According ;o [.5 lie vavofront,_1 neq -h radiato itef

are approcimat;ed by the static field lfnes of an sleotric field

betvneen the nnit nd the g;ro-.nd piano. Sutch wavefronts

are shown in Figurn 1 _ Tjhoe curreni. along the radi,.1ors of good

wide.--band artr-nnas, dere,{ies rapidlty from the 111plt point

-to the upp;er rnd a.z h i in U3] t i cally ni.' c-urrenl:

flows In tho., apper -..d of chlc ra ~rand thus cntributes

-7
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little towo.rd radiation. The wave propagation from the antenna

is almost complstely compoued of that shown in Pigure 1, re-

oulting from the waiofront of the existing waves In actoT-

dance with the "HtQUnU PrinOciple" [61 J each point of a wave-

front can ,Ce co isidered as e. center of secondary waves, whereby

the diotait, fgi d of the radiator can be approximated an the

sum of oecondary waves, for example: thofe which propagate

from the ovtec most viwovefront shown in ,igolo One can postulate

that the p'i~r1, of these n:atic field -!nas are e(uivalent to

in-pha.e gerLratore p ws,-'r this wavefront is not tunaform

Jn respect to amplituwe, r-ather, the amplitude Increasies from

the ground ple.ie to the radiator,, since the electric field

linen have a Pi;aalle' displacement at the vadiator than at the

p.i' und plare iid thin iC'est; t In a larger electric field in-
tpnoi, y near t w. radu'.or., The effectiven1ess of the ground

laaer ian usually L'e deternined by a 'inp, the mirrw image of
the radiator. ohrefore C considers t]e synmetrical arrange-

rnt of Pif 1 - .he d stant rC'Lold of the radiator to then

ipjroxin.atc-A 2.rom the cylindxical. symetry of the wavefront

Lri Pig,.2,

In tig, 3 he curves "a" nliov the -aditiion patterns of

the artenna of 2i.. I ,-'.'hce i-nput T1Te haa a charaeteristic

impedrance of 6) oliva. Yig 4 shows t,.- of the curves from
PiC..,3, With ".;hc SymTe'I.,)a. omplement at the bottom., These
ourves result ';'ori the ,.1a-'vfvont of Pig. 2 and ,can b approximated
ma ;'eat.cal.l'r by uesng- th. "1uyHt~ens Principle". The effect

shown in Pi,,. 3 ,and 4 )v known to exist in similar form in
.unel radiato'u, The cuirvL.ture of the r'esulting wavefront
brin6s a btzaJUdninf, o-1 .e raln lobe maximum at .ower fre-
quencies, e..d increastng frequenty e increasing curvature

resotits in a, Q:itt~rM of the main lobe into two or more maxima,

as shown in Fi". 6b [7, S J The curvature also prevents the

radiation pattorn minima f.om reaching ze47'o Zero minima are

obtRlrned with excitati.it v.a even, uniform phase fronts. How-

ever, the mnnirma are il'wayr, lem p.fowjanced with increased
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ourvature U9~ ,10j1 In additonj the sidf lobes become larger
with inoweasing amplittude of the waeyn~aa the radiator
surfaoe isi approached and can becoru; la~rger 'than the main

* lobe maxiunr as shown in Pi-(0,4, with ;3ffo ie ttly inoreasing
high ftequency_ when the bv~dar radifitic.-n of -the wavefron't is

large

!I. M.oCGron 'to Concort'rte t-h,- Main louto Maximum

The uandesi± od broadening or sp:littizi, of he main lobe maximum

ean be avoided by makint- U1 e radlatAng wa ,refront of Fin2ci
even an pcsoiblhA The proper menaren reqiiired are knowin from
the theor'y oC flant YaJ;too The rnad-Acl wavefront iin thle
vicinity of the ground plaano, must be drayin back in -the direc-
tioni of the inptit point by mir.i of a de3).ay arrangement hIaviig
1cnose or foo in-<i onaxacto: intica '_;',ih a delay can be obtained
by ufsing an ainevn grOUTO rThne; a :aolthod which 10 used in the
110ll kcnown del% in V.,1 Th, -Athd of' obtainin~g delay
has only ltimited applications, airica the frequency depen.-

dency increaues witih inorenos~iy Oiolhr il racterlica, and
Isa dcc effective o-.nl.y in the cireci vicaj ty, of the Uound

plane,~ A reationcable applicJ.(ution of K ~,COn.d be the antic liP.
nal bulging of the ground illalf Ea.fi fmLIn Fig .5 .nd thia re-
aul ts in a L.Li'ed effoec, !jui !Attf . he wcwvefront

Isa drawn back, Rt lfenot llaPT thio grai~ plane., A large!, 'im-

rorvemen~t requi-res th(] U00i of lennop nirangeriento. which are
used with funnol rend),ators. Thin '.ot necessary inoo a lense
has a tontinouesr deecrens~lng effert, Pfn the edge off tht3 wave-
front is appro'vhed 'Therefore thc. w~tvi Ins dra~wn back at all
points in a def.,.ned and des).red manner, such that, they are

even throughout (aa with a convex 2.enne used for optics).. The

well known metal lenes, derivdfrom viaveguidq pri-ncipleBs,
will not be uavd fur broiad -t.an(. airtenrfma, since they have a

small frequencl runto Onily dieNlct, r Iesewth1el

and freqiuency 1.rdepfn1;i1nt. c~leeoci- Ic will be considered, Buell
a troiltull Leau lT: 1 ±t en er 1 ie:' ueraans of experimen-

9,.



tcation,~ is shown in FPig6 Diagrams of~ these-, radiators are
shown ty the curves *,b" of Pig,, 3,

Theae dieliat--Ic lenneo cause two p---blemos

tlevr t ~ za'~ r~d Tht.'it ion a1 ong thp radiito r

.11'1h 1 ahoy a1. C 4 V f d J 3t~r i. bu Iit1on 0 cE (1" M.'0F d ILlf~roll C char4-

r n'~d~ et~ i.U nanrI1! correotc-d t;o the~ re-

i :~ hi J -fl-V) ijn~cn r~ lrroe by, apply~ng olnalJ. changes to

YL -i I i- "'( r',f' 2e ted t& riry c rot yiarv at the aur

-e of t~-*Jeno scturc:p oagt about the Vicitnity of
;'rnd inOtor j.n ani ndc-inpjd r,.nn )v Thoe, vaF,,ab-id via-es

oP .rtiol.)Y reoflectedi 1baol to t')xe Input line and nor causeO

aI frequericy (vpcnideo nl v. catch :3,tre of the refleatiorn tra-

~~Uta"(1Z awa 1rori t~le antErna .1.1 an undefined rianner~, and
f~ct. horad Uv. Sn~n put ternh. Thr tro'ltul. shapes of Pigutre

1)- j ea~r'''.'anl 5~rf'tcI n the inpuc JinE.

III,~ th Qeo~r .,f' thE lene ):-ascasca ai slt~v and vortlnu -

uj'j! tranojj[.t Lo f'rni.j l le.c hoIP3 t., p ev it t ii

du'~ted in thiH',, IJ A. i d~t pi'aduoi a d!eet~efra

tO,'M mtEritat (aynthetico miite'ial foiaed by for(.i(,, air tlirough

the Trztcrial in Its liquid form) [.131 -Th-'s die~lectirle nhould
jiavo a di-lectrl, cnstankt vil'-Ich in a geometrinal function,.

;Aneve the tohrfWTM deve~ling such a Materia. to -too

vlr b.a, "rVe 118.4d inb"Orogeneous d ielactric nild 11avo ahown
.n feanaiuility In tho form -,' a TI~crn conni-stint, of thin

~.rolitul piatea ;Itf. a. mace Intvie~a ~l~li 1/.
;otern iin ii tiir ho IF. ,e Of 6gf are obtaAinod with tht

arrang en.ent a ( ad i tcr, 1eH-J ip -ref iected to th input 111ne
2?herofore 11ett er ,7-. "Land Tnatohin -, to nbtairied The measures

r~n~'ne1~Thi~e 2auf~j ,nt! wiayerori'l to lie eiened out, Thle

-10
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fact is dev %, tratef by Fi , cA I'2 ixau the

l.obe minini ars morc pror 1.0~ d 1 mi~- tar2.y -. prcacocae

the cha'acta- . ties )f~ -3 t.,'Le Y- -11 -11. L ot tlle the !iO fa
down bandwidth nf tiv' wai- lol e doev~ ,z) mo witli f.nccaoing fro-
quenco ise CJ fie(C st-fi3 tic r~';~' ioi~i~of the
wavefront (~QJ)in toea..- i,,-,vi !t t v.1ntbwith
i.cea3ing~founy

A very siripl 'out', o.r the diJ~ ~ ea rito,.thei

problem o±f 3yn i;hetic, 1c-' :tcr.-M.,rrtbci JX iiput

alJlows the 6i ;t: of Y'-in ln.)ut :L;.i 1,,onn.~ t to
the lense i nwn Li PI c 3 n ~h~v the oOi1-c f
no usfl at-Ulvt8~ i i er. ani e>;.3 1;] w~~(bn y .

tru~e in Fi,,), and !3f 1 , 'u d T, in p rov ; for ex Onin
in the cabi A . ia vimcre le-Avvo s th 1 1',tic ~ ~ cr~
tinuousl.y~ Pr 31 I thai; 1-171y J ,v.: ' L of -ct2? 'e7ufl
progrees 'welr to .- I A' c , 1 i 1 3 WfUy -3 PCO

ai.be to t Gii he !'.ivc- h' ni ."I.,tb ,'ooC. 1, tkibing by
usin{ a relIt 1, :1y fji -rp- ~ < v idro. ,i)

I11. MIethod.3 tIDe't~v-)j3 t' r 1n 3 :&'

The cuzrves 1"~ £ 3of ih,-t th,2 daUy pt c',-§

viousaly mc: i, con,3al~ i:., 'J. Zny 1-t -f-~Jt

ge and E tE :i:-e -c z M ~i.1.h bt~71; -

lobot; axe .:i' ,Y b , ;i r'.-r.c'.to of

the vavefrc ;vrt- i.Lid recleco p .1 I. AO fT ev-,,ri vi
It ta 1Itow: 2 a ! .hcti~ r, t .i -'Afm aolef! io ra-
diators ai.-i ~o ~n~Zd~~~In t~ Y iof
the radiati-i: 3Iufrac V hr )adiiu x-tbodi.-,
the uee of vc .11iJ' Liernci tlc- i" ( of tho Fhavn-'ront

amplitudes, r'-Jaf be .our.d if' Vj!~ r taken eur:- bav~

simple and zc:-ulc~iax'Ktttx !c. ;on th 1 ioh a.*.30 VV,

compliche( )y' -ans ) ;-: linho t. l-
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For this reRson we oonStruoteQ a considerable number of i-
electric rings of different diameters. "6hough the oombina-

tions of such rings in different arrangements and without

air space betw s rings, we were able to affect the radia-

tion pattern In many ways. If one wiaher-- to r.educe the side

lobes oonsiderably, then one could, .r. example, increase the

density of %he dielectric Jn specific 3ocationsi, as shown

in Figo9 ERd. -_tion cuxvee "a" as ahovin in nigo0. are now

obtained. Tht' cui'.ven "b" give the radlintion pattern of the

same radia-coi -;..thout diolectrio One (,na definitely notice

the reductir. of the steep side lobes,, If one doea not use

the more conical shaped antenna shown in Figo' but usee the

more ephe.ical shaped antenna hown in Fijr,9, ehowint a very

balanced patturn with very weak minima an tndluated vor:f.ld
be quite suitable for tranumission and reception in a laxge

angle radial sector°

IV. !ide-band Antenna with Optimum Gain in the _Smmetr',al

Plane

If the pha-c correction of paxag.aph 11 in combined wiI"

the side lobe reduction :f paragraph III, one obtains "a.-
diation patterns with a vell defined main lobe in the aym-

metrical plane whose angle decreases with increasing frequen-

cy. If Pigr7 is combined with a correction, (correcticn

shown 'by Fig 9;) one obtains the optimum shape as shown

in Pig,11 and 1 2 (obtained from simple ring combinations whIch

were exporiLentally deteTnined), The corrosponding raQSat'

patterns are shown in Pig, 13. If Pig, 8 is combined with the

necessary - ?rrection, then the shape shown by Pig,14 is the

resulting optimum onez Since the dielectric of the input line

continues to the lence, the reflection of waves upon entering

the lense 1.3 avoided. and :elatively good impedance matching

is achieved This impedance matching could prouably br- some-
what improved by very anall changes of the lense and xadiator

12
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ilnp tlir~nh f ic r,-3:.tol' I'"d ink: Zone', Tln'- re-
fc.-f rat:: and 7> -'In,.X9-h . prjia re d.-Iap..ayed :Ln Fig,

.'irt5 C &'c oqT~itt-fx Calulvti the

~ ~FiC~ A of ; . 60 oh '1'r -Thrqd:UIt::r

Th mat~:eca I tewae, Ie adatl p,:oceE38 cf broad--

band a7~ r c;:-mfELj d-!Cif-ul. T~to:ty in the
fc~~r.C, ~I:~ iiutft fhal d.'icrihe th(' 'radiatj~on

fi~J, ~ -he in . on c the b~n'ycn tc3of' 'the
a~ St 1,! .Ir of ~i radia'o:. and F ound plarc, an,' this is

an extrael- i IdI-.fjcu; pr;b.'lm t~o sculre. 11vi,EYcT, t"n', poosibi-

I ity el if; tb i' ore 8Th btain vaery b. :lr'Ie Lourd:v oridit~xns,

if a ooi-vesystc'm ic Irntri duced, in 'h the :'-rcund plane,
-1v~. as 1,! :.tiator itself, axe ccoxdinateJnz norh.I

gonal c.,ried iir2 com- Ar r.tr. sys-em vihicr: fulf:tls Te cndi.
tions is obtairi~,, for eys~nn>2. IXzom t-Cill".juotez2 j a1 :Lnee
and fLeld 3ilneo cf the atat.c £sIld, . 'Wex St s . . c. de vcY.(-
teage fe Iipprled 'tetwz:e- -r,3d9-_...cr and gru-13 Itan?, Fig '17 shcws

the statlo ic 1 of -. &F' chri ra.61.ator, T,.- 7 ejurczionsI
o:C he ~adit~.7 f~.6~&7 b~: _e -I t' te -ur-4-cd ".ne

coordinate rt r 5 Throu ,h a~nL;U inseztloii whiah
describs3s tha -j ple .e the EVL- ;Z complex paz-ial wave
functions V'i it he partDl3. (J L'frent.a oquations bxu'ak down

ifltc. an. in,'n mnml~rinavr 21,-d o-rde-r, oupl.- diffe-I
rcnt~a). 4quzt Oile ice, thn, dIf f erent -l.al equat ions for VI 0 and
WV! yiel~d:

e. ~ W()

-13.
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The vauen of naid A vvn bnc obtained wi~th the help~ 0of thii
graphical QC":l(r iun!70riP. Vin'i thq curv~ed line coordinate

system~; fo' . c 60 On~ :> ,iJo r~aiator Mby are nbon An

[15, Figs. 4( 0and 41 ] . Thnv jolution of' the diff o-en tial.

equations hy Tretns ofr Necor cni Crnrutere i~s now posaible i.n

principle. rEo'ever MY AV vezy fiffiault to do.Cor antennas

of' practical7 i'mporinco, sin~ce the valuhes F andi GiU baayo_

infinite n the anianna apen: Therefore a coardinnte :iyetem~,

in which both the r::rctm1 piano~ and the rdiating part of tho

antenna n".fn. a. ow ucrdL1ate Woos urO also hava finite

values f'or F and Gin thy apex vi*. LIy, is the moot suithb-

le system :-o- zurT purpossoJ.,

Ho'wever, the oquipotentiil linen, which docribe the radio-

tion su2rinea, may noti ernvlo.e themscoe anC3 t before, but must

poel off' in: ih vicinity~, Vr~ the Wc~ator vertez of thie actu.-

al. antenna lAgpe and conitinu~e tow~ard V.1inityo A* it a?

pecially adv~atagcua if wre could a1low this equipotential line

to f'low iiv an infin-ite extension cn t'as showmn in Pig0 18)

the vertex KZ which lies in the ground pl~ane,,

A Fig.18
'14



Ite ietlir coordimll; synten matches --he l!octTOS-4aitic field:
of' a colnif-o1 Iin-e. noe and mco, av the liestanoc frora the null
jrjIr; r t) 0. 3 takes or, a iergr, but finite valuc v-ijth Increaa-
inr dis-ar,'.e from t~origin, wvilc a.ll higher Or~or 2have

zero as their arsr]%tt rot- thaic j ar.o able to Obt:ain. the

Z_108t suitable toun&~.xy:r .onditV.ors for nolving the diflC'rential
- quat-JoYns, this be~.ng, tha t r efI ac t- ,d Nwav9es no lon -;r exis-t at

a nuffici r~l itanc3 'rom the origin,

1. Erei-rt. ndiratirg,.the Pfmhsblt of

Extenissaboli ofn anya emfinn

Before Nie cani notually use this coordinate eystem, it nust be
ahown that; the clect-sictil relc-tionFih-LD3 of a broad -banrL1 ra-
diatort witlh at- infinita e.-tenvion cone l]oes, not dcPart consi-

derably fromt the final1 desired antenna shape. In COJ it t-an
be seen that -the shape of the radiation psAttern is 'In epen-

dent of the arntanna length, if the currant along the :-adia--

tor decweasez rapidly, no is th:e cace with large radlation

attenuat on and the upper -urn--e3regions of the an-
tenna do not anYatrkh-to nythin tcoward -radiation.

Therefore our new cooTdiinate iiyotem is only suitable w~Ith
large radiation attenuaticn,, since thiq is the only condi-

tion which causes the nu-:,rznnt along the antenna to decrease i

rapidly and become so small a-'; -the antenna creat, such that
the addition of an extension cone n-t- the top does not caulse

a noticeable change in the radiation behaviour6

The boundary field lines oj,, eachi wave type, W n progress to- -
wards the antenna feeding zone with increatsing frequency,
such that, tk- radiation process bticomes more corcentvatedI
about the lower portion of tho antenna.. Also it is.-to be
expected, thAt the impedance and radiation behaviour beo-mes,
continuously more independent of the radiator-ahape in theI
vicinity of ito vertex# as the freqtuency iricrcasesQThin can
also be confirmed by t. experiments-doscribed below..

-15



Next~ the inaoh~g 'aC-t "Pll' -2ripolaI ?3w

of the 60 ohmi zphei'ical rad iatox vias ceaaured Ijnr using part of

the input line itsa, r aotted 1i:ie T'ie vusiita are s;, own in

Fig19,cxxvc 11, If a iin bra1r3, -od ts a:dded3 to tho -.-op of
the antenna , -)-, oex, an ah(ovin in ond~'( "Pill :Lt3 ri rv~

ag~ain , the rc Oevr~n by :nov)t oF i{ ' vc l na-d
It can be aj:cnr -;;hat ctty- o b pe:adu:LL~cr i out a':v and the

amplitu-eof 0 'hise £:.tici; ationn beceno nh~~n:L lir~al le r
with incvreaci'i; i.7Tequeroy, rThio can It (:-y1airt~d j.r, -161- f olio-
wing manne-r: spheipn.2. i rn1in. ;ozlv v L IAX .I an J.*:t1,onojre-

neous 7.in3a L120 ~loasen ;htin icvmr~~i w-I) *,III inn'lt in-

pedance of a. t).1-i roO antinna.

Th'is :cod a~ti;onnrt hao l Ir :novwn cLx,) Ini the oorn-AIx iupe
dance ipian:) as a funr. ort of inno-ec5jrn'i f:,eiueuay, aq shovir

the rorl antLmra causc;. thrw uouavao ed ixiat of Vie matching

factor ~I'"v .,n in J 1) b Ty v '

If the att, rua-tion cIT the '11-M-1on *i1~e CjeatO1 ',1twV~ei

the Tod m-nt: ',n' Pd 'I'l a .oW;Led l.:nc Ieree J 2p3 that J6,

if the radiatio atut-c ecni L'~ tbq iiAAdle

and lover re, ;on of tho liphericai Ar~ivltor, -then the varia-.

tlonaj of the 'n out ic!-edance of -~~rA antenna has a con-

tinuously decreasing effen upon the matching, facto "mil,
Since the rad l.a 1ion Pa' t~rnc ion 4-n crcees with tcrc~asing

frequency, t)i iarln,-on ,)' -the nac-blrr! £a, r 1d-cre,-Eeq,

A similar effecot can ")1e Pnc -1, if One~ro tnoe :adlation

pattein -if ;>e 2 oi-Al .'.aho ical.n t fir'et with] nd 41i
without the -:d anten :a. .1 IA p' t -e resilta (_1j,.22),

The cu !bes 1"; *ndule abii t a. "a LiA t~ii urn-
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p L tuueof dcvmtj : uo xly nali..er nt1 3 000 mi
~.n tzt I i;,CCw;,, In 1;~ o noahr'fy this effe-tP 't-Jn ra-

C, -itic. p; , ri-r of LI il- t iin ror an t. ,rna of lc-ngth, 2 rV -'3CO

(mb ~er u3.~:Laed both f: -qu c-aic of 1i 3C0 ),c ,and
'.5 000 no, ccor'ling ton t.Ye falii,.ar equation (3) Frefrence 161

Ft, 0- 1

Ein daw i 1".;,,23 1!en-.c mjarbs -the curves 11b" of~ Pig,,22
Yi'_+h the ciirc of Fi, ,23, on(. can easily,1 see thal. tht.; nun.ber
of' deliatiwi :ocim. of'.eoro h in FPig.2. ie the er

an 't, numoe: 6c,' sidr$ lol-ea jj'2g2 for both- fi'ocuericies3,.
Tho nndilat:Io of 3ur-ie 11V~ :.n P1 ig,22 :)riginateo fron the
radiation ;Dattern o-f The a ii.na.l :rod an'tenr,-,. saince this
pattern novi cc<ibines ni-ll ;1ia- of ,-he 60 ohm spherical radiator.,-
The decreaHe- ix- pendiiAztioz .lth increabirng fxecj.-(r.ny pro"vos
-;,t the rr,(liation att, .uat1n of the 6: 0 a~ao increaseo
accordinglyr, and1 thus 4!kh. residual mzzrent, at ths crest of the
spherical .,adia-*;-or arCalong thrc., rofi antenna, becor_-Os continuorlaF ),
.iy emallerr.(That tChe "oviriou c:na of--cuiTvs "'b" in~ ?ig;22
e~ve not in ex.r.ct agreement wi-;h the side lobes 'of Fig0,23, inI
respect to their angular poei'lione, "L vt)c impc-.j.tUant :n th'tL,
ftnalysi30 ThLs xeute from~ the fact th.t the vadiatL'ivpatterner
of Fig.22 viere only meaauxed at a relati-7ely short -dietance,
11--12L, from the feeding poinw;, whoreas the equiation ('3) is

only exact fvx the dietant field.)

As expected, tZhe impedance andl radiation behpvior 1 becomes
*4mcreasing~.y more independent oZ the ritenna shape -'a the'
vicinity of -:1te apex, as 'Ube frequency ici increaad. There-

fore it hani been pro-ven, euZficiently , that the uee of a. co-
ordinate aya1-om with an intinitoe extension oone'iP.,9ati13faC-
tory at higher Crequenoie3.

-17-



2~' Ci~'~J .Or ien!i.3 Lfino~ Cres, o2L a ucrrcdinatp

C (7.

4-1.9 . -u m that 1-. eIv m

I

,- * r tl ** 1 1. s *I* r i 'tc enC lop,

tne radia"k, j.Av i~~ ~;C ~1L r.,leS us to a,.roid the

a~nhr p2 -I 01 t> p>IC h Iwt:J

in accorcjr.r('o vo.h 17 1 1, Viir r

aq(ho ) 18 - 1'e -1)ar g a dn 9I.t y

P. Is the pcsi.tkon of th(. lino~ elemnent dh 0cn the radia-

tor axia;

2
R bt hi, s. the dfstance cf the point P(xhl

from this line c).arge ele-ment,

By inserting the equaticn fm R~ andc integrating frvm -00o to

+00 ,the resultlng Cquat-lo.rri f'~r at P(r,h) becormen:

The coriditi~r thalv '.he groi~nfl plane, vihich corresponds to

h =(), alwalm bc an equipo-;ential riurface baving- the poten.-

t-Ial 0, O !an bo 1ulfill..d if the. following velationship

of the functoziQ) is forced to hold true:

(hi2 ) 6)

* Uvne oniiE/ J riti thta; fhe rad-lator sur1acte . v7hieh

i.s symmetraeinai uvmn rotation 'about its =5ks, be an equipultt-1 I

1S~



vl.T R<cr p li.1L' tc o0 -:rvi ~p pJ 1; o tYi Tn c~

Q1C,

t I on y1 1'il r- 1.O EAh7x ) .iQ' li h t o:.t ,is 1A-

t ed t~ o . fi i 1t c eg o i o~~? 3, and t 'ierefora

/(7)

cal 'aditp, votlut.i.:m~~:ca citiorwl of' the in-

tegrati~on~ :tn be aQ 'o-:1."-v .d i,: ~tOh thri :-,id or an ~ onic:

compuiter, if "ioe eu'i 3i tiir s at' pol.,.;gz'n flor i;I functilo-:

qh) as shitmii in 2;. w. r.aditlon, tq; .icl;ano r?a
is d-iided :-.ntc N i~vi~ each of ;,ih5chI iz 4ho x dlanI
the hoights ef the :Eut;grten a -- maC ., be3 ths!

ordinate of th re -- thp ml .ute n : U.he inte-,-val (tangentia.1

can be CaTUl.,nl.ted ag EL fir~trC 31,n, zi. accoidaice wilt-Z>1 he)
following equation ("S).

1Iowevea.i 'hr equijxutentia2 t:~c rhich .desozibas the ra-
d.Lato-.r sur:'ace a ea, peale off ~;eactual anterna shape in~th

4 vj.cinity of tht. antnn.a ve~~xand At be xeqitlired to exi-mnd

into an inf.inite ext-ension -fli99 thtin thC '. O=Eponding aharge
distribtation mus~t also! extand, to~ nir ~n the radito.tr

axisI

tangentian-. hodg is f ~ib. or* thie particular ease,
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since The nteg'cal (5) ca. now cnly be wr:,tten as tho sum of

an infinite number of terms0 Therefore, the charge distribution

is always .Ii-%rided into two parts, The f£.rst part q1 (h0 ), i3

limited to the -region along, the radiator axis difined by

-a h '. a:mi is now uoruable in (8). The second part q2 (ho)

originates '"rei a suitablo lir.3 dietrtbution function extended

from b t C' for whih th ii.+t-gra*L (5) io solvable in
closed forcin.

~-Sone Special Di.-tributior. !,unct'-.io~ns 0,(
A.,

The simplest por'edure assuring the running cut of the po-

tential surface into the infinite extension cone, requireu

the xetain3,nt of the part qj(ho) as the charge diatribution

for the finite radiator 6Tsapes and tsking a distribution funs-

tion according to (9) and Fig4 7 as the second part q2 (ho)n

-= q o f o r 0 h e  < O-

IVq 'for _oO < h <C)

The equipotentlal sur:aceaof these line charge tl2(h o ) are

infinitely high, cones of rcrolution about the radiator axis
all having the same cone vertexz in the zero point (Fig 28)e

The potential 02 on a cone surf ace with the half aperttire

angle 0 . is directly ?rop-tional to the density of the char-
ge distribution according to the following equation: (.10a)

[reference 152

477 ca,(10a)

The above equation can also be written in the following form:

(lOb)

cot& (S) 94oh

The value of q iodeterminbd by .(lCa)-& (;Ob if-one assumeE
the aperture angle, 20 of the extension cone, and requires

- 20
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tmv t h I. Jm)T" ,(7 C;Ac >tta. t:lc _ x

on the uu:t- of f 1; L 1 :a:

3 f the a. i. , t h ro + n '

deterraine,3 a1 rior. th d o v -b~

of thc Li~J :.cE i. in1 rer~ 1 ( - 0 Vee y I e 1 0t C-rit al

+ e j~.t hc. almost ~ c~~;hey ~ 'd rTJ .I the
'iiciniity o at1 of~ -c:' a~ :.cr~: c " - ' et d~ A 3.11

1 F is ( t 'I P~ 1 zl C1 I. i E, .h 6 Z

tor surf a.-.-,: bE. 1ticr: d Ir c c~ ;:lur c: i C)cr

if the derns4. ;- o of the, rLU: -11 i ~y r whi h

aailn hae t*- 3am- anI ..- acc ,x r7cc w t' Ci :' Vstie

requ4:'ement ).Cr a ve, yr, -1--21 ap: e txr i-e 2 04'o the tn

sion cone- i

A charge dfist,ibutic: rhf-c wa?- _firz!t cc, atnd Or~ 4-1,f

nite antenn~a oibape~, only y-ftel~ff a u~XJcoordinatz 11 Yte-.

wThae i.t is -omlzined v-ith Oa 11.nc~-g in !c -or~h.-cL w;
(9) and Pi,- :7 JS oni aspumss ru ezt3-eumly Ec.aixtA

angle 29.

However t'he .',Icice o:j,' a -,:c sm:. pe :-'tuxe rul:;.( J.,3 not toJ
be Tecommende3d I~n pr~ao:c C- tt 0h 'citi 1j,_1 Ou~faces

will then be ao intell conce:i'.rated a~ru~d tblc zooo
cone that 1;'r- cezink .t-iex lic Acttead witli -Xtc 'necepay
accur~acy. In addition,- thc.bondr value F Cc*), rftich the.0
z~haracteriatic value F0 approaches v..ith Ji-nc2reajine, d4otan-e
fromt the z;er3 ;ointa mtnet rot Ilc~me ton lar~ge in accordancMe
w ith the. prcv7iouslymnton.-i- roaions 'at the be" nniig -fP;sr t 3,
Thie also -means thai. nmay not be made6 t oo small) sinbe T' 00O

21
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and 9 0ar d'ancdcnt up aah other In the manner ahovm in

equation (11) VUeraee S

% CX) Yi (in cot 17$(11)

Y constant

These corn' tarotione in~dicate that a lower 1unit of 1" toy.

the atpartl i n tIla is a: eop late

Nt QSlKcw Pe 1.iwcjtlr; ml If' W- ja ureaeri dea ie ti bed

yield nuc 1.ua r esul ts MYr An [)ertLMcun~ UV1 29 " 7ThAt

invus tiga u iso qutickly 1;,.compliuLA4W timi 60 ohm c pher tal

roditoter ninre th eaarcpe r itribm on cj1 (h4 ,) of the fin ite

radiator whn' .8 (tg23' aW ine potentinl lingn 0, censtant

(Fig. -l) PIS N. I] knoun. '2)w ' nmh i tio' of the li i charge

q( ii) acc'ordKEt (9) and Ig W2 on ho simply aeeuFmpll shed
by Inserting into ?tg. 1 Me lines MbtUMe front enuhlij (10k ~ ~~~~that men s 'he ier ili arm ont .i'aas al the equl oo'eUMt~ l cones

02 - Cont CIun) aud ;An, all ~i the rtex sect I. nc hoI 'g the

Oenle potertin! .1 4

T EE' suilzro of Ase GO oh heria? jm 2
iiier in Aiarojd by

the potex a'..In h "t nj !yWC cqh r4,. a tq Ki. i. Thar;

the C axge dic tiabi; q, a cj ii Puc Crd 'cuem with Lceerepne 1,1

cuses aI oientit, a' ic'

'flere.0e 4,mat ce r]'fa md in stuj waV~y Otat the ian'

(1ah.1 ;nvcl 4 t , sae vailue oF 13tnqtial an the

sur: ace of 0wa conec .:1ih o !next"'e angle 2~ Q

U42~ Atr6ot

23



ThLe mr id an IP C)3O'1:0jtn~a

coos0 .titnt'ja or. irdizatr'd l 9"f cashed

line, Ifone ombiisstllwte wt ~ ~ ;rc. ie

constant J Vip 17he one ootains the j.otendinl Itnes

2  ofletantq afi s .on In Fig,290

The choice of qOin kf3) ,,u&s rtias thut the potential line

converges Igainit the reu -rer e'xten~i (T (nOfe liaving 9. 0ae-

ture angle, as the 6.~aefroin the zeru point Is IncreeGd;

thi's the desired clor3OflcOtJ of these j)otetla.L line to 1; 1e=

Aihapa of the ';0 oiw -ipho.1-cal vad-'.utor 'wi &I',W:y the ;h.ckc linee

in 1'ig,., ic-s~i not arwtuartl-y obtatied.,

Than I t ea bi iuert hau !I(- qt oralt' b e 11Iut cilarse

(I 120h iE alre !6r L- 1ae k one choo93r3 .J kqor'Y. Uo rge

.)f Vie extarvslon cor .1f 01, 1 , her&. orc ri~r2: ~

shape no long er gftv, s P.sai coorc~ ..ntto . :vtl

It can Ibe a1)1)rox.1wa tod thv.t t7 6V !rmTbec10( I~o:.' r ds
at po,:cntiaA gisurfaue f4 ;5 Pc~n~tt w!ioi hupn t~h- -adiiitoil aur.-

bace viel]. -!rtouEh In the ri.IA 7 Fig. D anc r ~cit in

rho(. rT'IonI(Ii~ th( JCc u ;l i dei ox C .1 j 2~e of
apo~~tuue a vnle it, f be u 0 ~5 ueeinc1 (. 3rs i! sert'ed

fo r 20'

H~owever, the di trab'Mr Jr f lik'3no rt of the lin- uhargec qL2 ih 0

up~on the xop3g:c' "A" -f. J 'i' 0 car' b~ reduc:ed in a -teuat-Ive-

Ij uimple inhneir byj ;.gi.. 11!-g E'. coflatnR1 1. I~C~r f

n. all w ne(hargi bo n Iii &hs zei- po it.; -,athi-

er, the 1 liia OlF'. hc oul(- 0 1. vd t n f i' be,,ir E atq

t'iuiCtion q(i in aooord&,,. e wiit: 14) and Fig-30

-24
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qci fpr b Sh"

q(1.)) for -b < h < b (14)

The covesponding equipotential surfaces nan also be given in

explicit form, as is shown in the following. In the above

mentioned case, the integral (5) has the following form!

0

Thie integral is solvable if an appropriate substition Is made.

One then obtains the following equationi

• ..- +/,-#i + Ji: "'.77-*1--;7oi-) 7
4. A

As hC approaches infinity, the argument of the natural loga-

rithm term becomes ), such that t)ie upper boundary in (16)

does not contribute anything t. 0 Therefore one obtains

--- Z -'+ 7 -- -b)t ,7

or in the antilogarithmic form:

e -0(8)

-25
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One obtains the equation of the equipotential surfaces if

one equates;

Sco.r - -(19)

If one now ir- nipuLla i the equation nomewhat, the following

result is obtairn: (20)

+ a~r _ jr g(20)

The equipoterntial surfaces of a line charge according to (14)

and Fig,30 are tbervfcre confioal hyperbololds of rotation

havingtno sheets, with the charges line r - 0 as their axis

of rotation (Fig-31),, The two semi-axes are:

Ci-1/ C,',,

The focal points are located at r =0 ; h = Zb, Therefore the

focal points are those points of the axes according to Pig30,

at which the constant charge distrIbution q. begins. These

hyperboloids of revolution converge against the asymtotio

cone with the half aperture angle as the distance from

the zero poirt increases

(22)

- 26-



A comparison of (22) with (lOb) shows that these asymtotic

oo1u are identioal to the equipoLuntial cones (Figo27) of

the line charge q2 (h,) according to (9) and Pig.27o The poten-

tial field of the 60 ohm spherical radiator should now be

combined with the equipotential surfaces of the line charge

q2 (hi) ac'oi ,_ _ t) (14) and Pig,30, This can be most easily

accomplished by drawing the hyperbolas of equation (20) (that

is, the merid .an bl.,ections of -he hyperboloid~of revolution,

02 : corutan.) upon Vig,17 and joinng all the Internections

having the oal.ie potential.. 0 0 + 02. The potential lines

$ - constant which bave been achieved in this manner, can be

seen in Pigf32; the given hyperbololds, 02 = constant are also

shown by dabed liyes in the same figure.

The determination, according to equation (13), of' the charge

density q0  guaranties that the potential surface

runs out into an extenei.', .-, .t ,.h previoualy deter

mined aperture angle, 29 ,,, " &r +he potentla.

surfaae conforms much i-rYo L Lue .ih0po of I-,, 60 ohm spheri-

cal radiator (shown wit i I.r:. . n Fig, 32) than the po-

tential surface with 4he .-at,. * . ig,29. On the basis of

experimental resulte If r,'u, N, with the wide band antenna

project, we can predict, wit), -toniderable assurance, that a

conducting body of revolut'-n whose shape as defined by the

potential line

2,C "*

has the desired characteristics of a broad- band antenna and

can hardly be differentiated from the 60 ohm spherical ra-

diator with aun infinite extension cone, in respect to Its

impedarice and radiation 1. haviour.,

- 27 -
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IIThp Dist: Jblatim vunctictiu qT"h) and -q 2 'ho) fov thec

60 iahir S hericol] Iadl. to- vi~tlj um 3nfinite Extension Cone

haviu Y)e t ue L

A charge ciattbftioti qj(he) + q2 (ho1 !.a ;iought whoe equi-

describes ',:he i urfuec 3f t1-.. 6C ohin p'lral 1Padiatnr (In accord,

ance vyith : ig ')8) Ir an 5deal manne. in regro "A" and runs out

as quickly as ossib~ru intr tho r.~ lo exteno ton vono 'rf

aperture angle ;10 In~. a vay 'that 1-hp tranni tion from

the radiator ve rtex ir. regio4o 'Bl" in fant but w~ithou't sharp

edges~.

11,2. 1 The (Thar[e Ditributton !Thmicl-n q .,,(ii

T~he integral (I.) In tlceed fo-..n muut agaiii be aolvabl1m for

the line chargtco q.Ch.) ba,,' nn ng at a flhLance -b fi-c'w VkJo

ground plane and extending ' o m

in Pig .29 an~d E I ao Pig. 252. im i pote nt lal ii nes

have the dlmvniage that thu,, eimveTj.': nWich too slml-wy agains .

the pxori>.,d extension cone of 10 -rture RngleP as the

distance h 0 frc- the Urouxid -Aane 1- 1 CreFasedL Th ,r in caused

by the relatively sloV rtcias f i1.. Influence of 0, upon '

the charae d tet - hution q (1lted to the. region -8 h. a)

as his Increusd. T1h- d ol ec quick, apprcoachinig of tho poter1-
tia). line

to the extens ' cone, can h b i'aineo hcotoy Ar o. does

not ascume a .r.tajt --Yarni d lstr bu 4nn ctn tie radiator axis

as lndi, atoj i) Fig 21 and [- g 18, Lu .Inc~tend --me should allow

2 8



the charge density qrjh,) -4o increase as the distance h- from
the ground plane Is increaoqdo An analytically simple distri-
bution funktion 42 (ho), which incxeasna in the correct manner
with he, is indicated in the following.

However, the lines having the same part potential 01 coincide
somewhat accurately in region "B" of ;'ig.18 with the equipoten-
tial lines of double )oint charrge + which onu can consider

as being lvc',ted at a distance :c fron the ground plane on the
radiator axis,, 'herefre in region "I' cf Pig°18 the following

Is true:

0-3)

Q and e are deterninod by oquations (23) and (24) in such a
way that one consider; the distributed, charge :1, (hoJ in the
region of the ,xio 0,,11. <o 3, to be united with an upper charge
concentration point ai r ; 0 h

(24)

(25)
The use of the 1;angevtia . i. -ocedu'e,. again enables the re-
writing of the Integiale ?23) and (24) as a finite sum:

00 few (26)

,,?

-..... (27)

In the same mainner, the charge distrlhution q,(hi), in the
region -a ;. b, 0 of the radiator axis, should be concentrated
about a lowver ":harge concentration p-oint. r 4 0; h -

- 29 -



found :

4 ~ ~. h "- ~(28)

One obtains P. n:tiefIu.tcr d intribut~o =ciFunation q,(h0 ) if

bution q0  TP OrrnCtinn tSTV U~ neWtiOMUMI W the PO-
tentia) 0 wL~. is j-prronyteC by 09!i~ %nd & the sam-time

Is alao: pxopur;Wa tna the d iuntme h 0frcci thec Ircund plane,

In this manne r squat 'n 1291) is~ .Jer(v

d.. can My A Mar adi' L, tria ndee

The Integy! 'o) in w347 Ar W'JQ3d form .for qh yusing

30
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1I,2.2 The Oharge Distribution Punation q,(h o )

If one retains for q1 (ho) (as in paragraph II,1)fhe orignally

caloulated charge distrIbution for the finite radiator shape

in its unhanvd form and combines At with a line charge

q 2 (h.) according to (29) of the proper choice, then one actually

obtains an equipotentfal line

Which runs cut quickly onough in rej.lon P of Pig18 into the

prescribed extension cone of 10 aperture wigle However, since

the effect o! ,2 upon the line charge qc2 (h 0 ) is also noticeable

in Tefio A of Fig. 18, the potential line

(similar to the line of equal potential in Figo32) still has

the disadvantage that It p.aln off too soon from the contor of

the finite radiato'o This d. sadvantage can be eliminated if the

chargq' distribution q.(he) qan be changed in such a way, that

the corresponding potential 0 1 upon the radiator surface does

not have the form

but takes on a new form according to

whereby the additional Inflaence 02 of the line charge q2 (ho)

in part A of FigA8 is junt compensated for..

This changed line chargo q j (ho) can be calculated in accordance

with the described iterstion proneedure of E153 , paragraph 4.2

with an electronic digital Qomputer, Ono must only assume the

the desired form of the potential Ilie

S32
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in regio A of Vi~g 1~and calcu'.ate the potentia3. 0 2 of the
already known I.-.ne chorg-e cj2 (h.) in IN )ODIlts of 1;111 4t aoribed

curve soo-d'LrS to equation (3O), Thlen the cllmrge cia-rihution

q1 (ho) in the ir.,,vidual iteration 31;ep a is hanged Wlii the

correaponding potential ' has obtnticd th'- value

with considerabe acvuracy Li tihes(. N pointa,:

Result

Both chr.xrge dieLx~IbutIons q1 (Ii) arit1 q2,(b,( foi the 6C ohm kEnhf-z

Tia"I. xadtlutor having a?) in-CinirtE -!x'.ns'on ,,re of " aper-

ture arle. are chovin in . ,g..33, TIhe fc)1(.thing ivaluen ti(-' to :E

used for the conjtartE5 in eqjuaio~n (

C 1 8 0,3L-,
90~ C( c~o

b1 7_r,

Ci 3 (0
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The potential line

ia also drawn in Fig,33o Tb4s potential line does not show a
noteworthy deviation from the desired shape

The other potentiala 0 , .9 + n constant can also be easily

oal/culated from the charge Istribution q1 (h 0 ) + q2 (I.) with

an electroric digital computer.. Although the contract No

Lf 61 (051)-41 has-Lnminated on 31-Jan. 1961, we have planned

to continue, on our own, and solve the Maxwell equations for

the new and better coordinate system for the 60 ohm spherical

radiator in order to be able to explain the complete impe-

dance and radiation behavtor in a theoretical ,manner.
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